The administration of ammonium salts to free ventilated dogs causes an increase in the anaerobic consumption of glucose.
SUMMARY
The administration of ammonium salts to free ventilated dogs causes an increase in the anaerobic consumption of glucose.
Prior and simultaneous administration of the drug ornithine alpha ketoglutarate not only attenuates the rise in blood ammonia but also favourably affects these changes in brain metabolism.
In patients with severe hepatic encephalopathy there is a fall in cerebral blood flow and in cerebral oxygen consumption (Fazekas, Ticktin, Ehrmantraut, and Alman, 1956; Posner and Plum, 1960) . There is in addition an abnormality in the handling of glucose by the brain which probably precedes the reduction in oxygen utilization (Bianchi Porro, Maiolo, and Della Porta, 1969; James, Nashat, Sampson, Williams, and Gerassini, 1969) . Indeed it is probable that the abnormalities in glucose metabolism are not confined solely to the brain. Thus Klassen, Aronoff, and Karpati (1969) have demonstrated an increase in the production of lactic acid by tissues of the forearm in patients with hyperammonaemia who had chronic liver disease.
We have recently shown thatwhenammoniumsalts are given to free ventilating dogs, the glucose utilization by the brain is largely increased without similar changes in oxygen consumption. This anaerobic glycolysis results in lactic acidosis and hyperventilation. It would appear that no matter what type of salt is chosen the results are similar.
These findings contrast with those previously described by us in dogs ventilated at a constant rate and volume where it was found that the more acid an ammonium compound the more likely a fall in oxygen consumption (James, Garassini, and Larbi, 1971 The drug ornithine alpha ketoglutarate has been widely used on the continent for a number of years for reducing blood ammonia levels in patients with encephalopathy.
Ornithine is a base and alpha ketoglutarate is a diacid. When combined in the proportions 2:1 aneutral salt is obtained.
The mechanism of this drug in lowering blood ammonia has recently been outlined by Michel, Oge, and Bertrand (1971) . In the liver a molecule of ammonia combines with carbonic anhydride and ATP, carbamyl-phosphate being formed. This then combines with ornithine to form citrulline, which is transformed into arginine on receiving a second NH4+ group. Subsequently under the influence of arginase, urea and ornithine are formed. A total of two molecules of NH4+ have thus been transformed into urea.
In the peripheral tissues, alpha ketoglutarate fixes an NH4+ molecule and transforms it into glutamic acid which by collecting a second NH4+ molecule produces glutamine.
The fact that ornithine alpha ketoglutarate can lower blood ammonia concentrations in patients with liver disease has already been demonstrated by Michel et al (1971) .
The purpose of the present experiment was to determine in dogs the way in which ornithine alpha ketoglutarate1 could affect the response of cerebral metabolism to an infusion of an ammonium salt.
Three parts of the experiment were planned. First, ammonium bicarbonate was given to dogs in a 'Kindly supplied as Ornicetil by Jacques Logeais Laboratories, Paris. Linden, Ledsome, and Norman (1965) and glucose by a glucose oxidase method (Trinder, 1969 (Michel, Gravagne, Sany, and Gabet, 1966) . Arterial lactic acid levels were measured by the method of Hohorst (1963) .
The measurement of flow and blood sampling
were carried out at the end of each experimental period. 
Results
The administration of ammonium bicarbonate in a dose of 2 mg/kg/min for 15 minutes caused not only a substantial rise in blood ammonia but also a 56% increase in glucose consumption and a 12 % increase in oxygen consumption. There was a fall in the oxygen glucose index from 78 to 59% indicating increased anaerobic breakdown of glucose. Within 15 minutes, however, relative recovery had occurred.
Five minutes before the second infusion of ammonium bicarbonate, ornithine alpha ketoglutarate was given in a dose of 20 mg/kg/min. There was no consistent change in cerebral glucose consumption buit there was in all animals a very small increase in oxygen consumption (this increase was just significant at the 5 % level by paired analysis).
Ammonium bicarbonate given at the previous dose level during the omithine alpha ketoglutarate infusion for 15 minutes effected a much less marked rise in blood ammonia and no consistent change in either cerebral oxygen or glucose consumption. Thus the mean oxygen/glucose index also remained unchanged. Finally, a substantial elevation of blood ammonia levels was obtained at the same time as ornithine alpha ketoglutarate infusion by doubling the dose of ammonium bicarbonate. Thus similar levels of blood ammonia were obtained in period 11 as in period 3 (Table) . Similar increases in glucose consumption occurred but on this latter occasion, due to an increase in oxygen consumption, the fall in oxygen glucose index was not as marked, ie, 74% compared with 66 %.
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Changes in blood lactic acid levels are also shown in the Table. There was an increase in the lactic acid concentration throughout the experiment but it does appear that some accentuation of the rise in the order of 5 mg/100 ml occurred on each occasion when ammonium salts were administered.
Discussion THE EFFECT OF AMMONIUM BICARBONATE ON BRAIN METABOLISM
The administration of ammonium bicarbonate to dogs causes a large increase in glucose consumption by the brain. Since oxygen consumption is not similarly increased then some anaerobic breakdown of glucose must be occurring. As an index of the anaerobic breakdown of glucose by the brain the oxygen glucose index has been calculated.
In addition measurements of arterial lactic acid were made. These changes in arterial lactic acid, however, are not necessarily representative of changes in lactic acid production occurring in the brain. Furthermore it is possible, of course, for brain lactic acid production to be increased without a change in the glucose oxygen index if some of the oxygen is being diverted for the metabolism of substances other than glucose.
It has been suggested by Bessman and Bessman (1955) that depletion of alpha ketoglutarate to form glutamate and eventually glutamine is the reason for the failure of the tricarboxylic acid cycle in patients with high blood ammonia. This theory would fit in with our findings of disturbed oxygen glucose ratios and elevated glucose consumption. The increase in arterial lactic acid concentration could be explained by transient failure of the cycle.
However, it has also been argued that the lactic acidosis could equally well result from the inhibition of decarboxylation of pyruvate to acetyl CoA (McKhann and Tower, 1961) . Klassen et al (1969) favoured this explanation since they found in their patients with hyperammonaemia that whereas lactic acid production by muscles was increased, fatty acid utilization was normal, ie, the citric acid cycle was functioning normally from acetyl CoA onwards.
An inhibition of the decarboxylation of pyruvate to acetyl CoA would not fully account for the increase in brain glucose utilization that we have found. Some form of negative 'feedback' mechanism from the citric acid cycle affecting the rate of glucose utilization has to play a role. Since normal functioning of the cycle results in CO2 production and since it is known that elevated CO2 levels decrease (Xanalatos and James, 1972) and lowered CO2 levels increase glucose utilization by the brain (Alexander, Cohen, Wollman, Smith, Reivich, and Molen, 1965) , such a postulate is not unreasonable. Furthermore, if a transient rise in intracellular brainpH due to a fall in CO2 is able to cause anaerobic breakdown of glucose by the brain so perhaps could a rise inpH due to a rise in ammonia concentration have the same effect.
THE EFFECT OF ORNITHINE ALPHA KETO-GLUTARATE ON BRAIN METABOLISM It has not been definitely shown that alpha ketoglutarate is able to pass the blood brain barrier but since an increase in cerebral oxygen consumption occurs in our present experiments this to us appears probable.
THE EFFECT OF AMMONIUM BICARBONATE ON BRAIN METABOLISM FOLLOWING THE PRIOR ADMINISTRATION OF ORNITHINE ALPHA KETO-GLUTARATE
Low dose of ammonium bicarbonate The attenuation of the rise in blood ammonia due to the prior administration of ornithine alpha ketoglutarate has already been described (Molimard, Morin, and Eskenazi, 1968 The rise in arterial lactic acid that occurs is difficult to explain in the presence of a relatively normal oxygen glucose quotient. It may be possible that in the short term, if ornithine alpha ketoglutarate enters the cycle, some of the oxygen is diverted for its metabolism, allowing less for that of glucose. If this were the case then the increased CO2 production would eventually be expected to decrease the excess glucose utilization and lactic acid production.
High dose of ammonium bicarbonate When omithine alpha ketoglutarate was given with the higher dose of ammonium bicarbonate, similar blood ammonia levels were obtained as those when ammonium bicarbonate was given by itself at half the dose.
Thus with similar levels of blood ammonia the increase in glucose consumption was of the same order. On this occasion, however, an increase in oxygen consumption also occurred, which prevented so marked a fall in the oxygen glucose index. It is again difficult to evaluate the rise in the arterial lactic acid concentration which appears to have occurred, but as mentionedabove, some of this increase maybe due to the fact that some of the oxygen is again being utilized in the metabolism of the alpha ketoglutarate fraction itself. The increased CO2 production which would result from this may be the reason for the fall in lactic acid concentration in the final control period.
It would appear therefore that ornithine alpha ketoglutarate is not only able to lower blood ammonia but is able to alter the response of cerebral metabolism in the experimental animal to an ammonium infusion.
Although there is some evidence to suggest that possibly the increase in arterial lactic acid due to ammonia intoxication is not abolished by the drug in these short-term experiments there is every reason for further investigation of the efficacy of this drug in the clinical situation. 
